Measurement of Pollution in the Troposphere (MOPITT) data over the open ocean are 10 used in conjunction with Goddard Chemistry Transport Model (GOCART) to 11 characterize differing aerosol types as a function of satellite observable parameters. 12 GOCART model output is used to select regions that are dominated (at least 80% of the 13 total aerosol optical thickness from a single aerosol species) by anthropogenic (black 14 carbon + organic carbon + sulfate), dust (DU) and sea salt regions (SS). Aerosol optical 15 thickness (AOT) and fine mode fraction (FMF) retrieved from MODIS are averaged 16 for each aerosol species region at 1 month intervals to examine the observational 17 differences among each aerosol species. Anthropogenic (AN) aerosols are further 18 separated into those produced primarily from biomass burning (BB) versus those from 19 combustion and industrial pollution (PO). TOMS ultraviolet absorbing aerosol index (AI) 20 in conjunction with MOPITT carbon monoxide (CO) data sets on Terra are used to 21 contrast the differences between BB and PO aerosol properties. Annually averaged 22 estimates for SS, DU, and AN MODIS FMF are 0.25 ± 0.07, 0.45 ± 0.05, and 0.84 ± 0.04, 23 respectively, in agreement with or slightly lower than previous estimates. However, FMF 24 values were observed to change substantially as a function of space and time as 25 regions dominated by single aerosol types shrink, expand, and move around from month 26 to month. The greatest variability in FMF was observed for SS and DU aerosols. SS are 27 associated with regions of high near-surface wind speeds in the Southern Hemisphere, 28 which have large temporal and spatial variations. Dust transport off of the Saharan 29 Desert is maximized in the Northern Hemisphere summer, increasing the area of 30 predominately dust aerosols. MODIS aerosol effective radius for each aerosol type also 31 showed a similar trend with SS, DU, and AN values of 1.03, 0.68, and 0.32 mm. 32 TOMS-AI values for DU exceeded SS and AN values up to 100% between April and 33 October 2004 in association with the greatest dust concentrations in the North Atlantic. 34 For BB and PO components of AN aerosols, no significant difference in MODIS FMF 35 were observed; however, substantial differences in TOMS-AI and MOPITT values 36 were observed between BB and PO aerosols, especially between June and November. For 37 both TOMS-AI and MOPITT CO, BB aerosols are generally associated with higher 38 values than are PO aerosols. The use of GOCART to constrain regions where a dominant 39 aerosol species exists has allowed a comprehensive analysis of the satellite observed 40 properties of various aerosol species.
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46
[2] The importance of tropospheric aerosols on the radi-ative balance of the Earth-atmosphere system has been
80
[4] To classify aerosol type, Kaufman et al. [2005a Kaufman et al. [ , 81 2005b use the ratio of small mode AOT to the total AOT 82 at 0.55 mm that is called the fine mode fraction (FMF) . 83 Anthropogenic AOT is dominated by small-mode (0.1 < r e 84 < 0.25 mm) aerosols while naturally occurring aerosols in 85 the form of DU and SS are dominated by coarse-mode 86 aerosols (1.0 < r e < 2.5 mm) where r e denotes aerosol 87 effective radius [Kaufman et al., 2001; Tanre et al., 2001] . 88 Both small-mode and coarse-mode AOT over the ocean are 89 retrieved from MODIS radiances using a combination of 4 90 small-mode (r e < 1.0 mm) and 5 coarse-mode (r e > 1.0 mm) 91 aerosol models with the relative amounts of small-mode to 92 coarse-mode aerosols adjusted until a solution is found 93 which minimizes error in the observed radiance [Remer et 94 al., 2005] . Small aerosol particles, such as those produced 95 from anthropogenic (AN) sources predominantly have 96 higher FMF values, while naturally occurring DU and SS 97 aerosols with larger particles have predominantly smaller 98 FMF values [e.g., Bellouin et al., 2005] . Using Aerosol 99 Robotic Network (AERONET), and later MODIS AOT of 100 selected regions associated with primarily SS, DU, or AN 101 aerosols, Kaufman et al. [2005a Kaufman et al. [ , 2005b [2005] are lower that those reported by Kaufman et al. 107 [2005a Kaufman et al. 107 [ , 2005b .
108
[5] Uncertainty up to 30% exists with MODIS FMF 109 values over the ocean [Kaufman et al., 2005a; Kleidman 110 et al., 2005] . Uncertainty is generally higher for naturally 111 occurring aerosols [Bellouin et al., 2005; 269 GOCART is the ratio of the sum of the optical depth from 270 SU, OC, BC, submicron DU and SS to the total AOT while 271 AN aerosols are defined as the sum of BC, OC and SU from 272 anthropogenic sources only. Chin [2002] and Chin et al. 273 [2004] provide a thorough description of the differences 274 between the MODIS and GOCART. GOCART uses global 275 emissions of aerosols and assimilated meteorological fields 276 to calculate the mass loading of each aerosol species 277 separately that are then converted to AOT using mass 278 extinction coefficients.
279
[13] Over oceans, the MODIS is limited to areas without 280 clouds and sunglint whereas the GOCART calculates AOT 281 in clear, cloudy, and sunglint conditions. Because of these 282 differences between the GOCART and MODIS, differing 283 AOT values are always to be expected. By comparison, the 284 MODIS does not obtain AOTs for specific aerosol compo-285 nents but it uses the FMF as a surrogate for identifying 286 broad aerosol types [Kaufman et al., 2005a [Kaufman et al., , 2005b . Note 287 that the goal of our study is not to assess the difference 288 between the absolute magnitudes of the AOT or the FMF 289 from GOCART and MODIS. Rather, we use the GOCART 290 output to assess the distribution of SS, DU and AN AOTs 291 over a particular area to define regions composed of 292 primarily a single aerosol species. Observed aerosol prop-293 erties are tell derived for regions where a single aerosol type 294 is expected according to GOCART. [14] The MOPITT instrument on the Terra satellite meas-298 ures atmospheric carbon monoxide (CO) concentrations 299 [Edwards et al., 2004] . MOPITT is an infrared gas corre-300 lation radiometer that retrieves the vertical profile of CO at 301 7 levels (surface to 150 hPa) with a nadir resolution of 302 22 km [Deeter et al., 2003 ]. The MOPITT is most sensitive to 303 CO in the midlevels (700 -500 hPa) of the atmosphere with 304 information from multiple infrared bands used to derive CO 305 concentrations and other levels. Since the dominant sources 306 of CO are related to the carbon emissions of biomass and 307 fossil fuel burning, the CO signature should also be highly 308 correlated with the anthropogenic component of AOT 309 [Bremer et al., 2004; Edwards et al., 2004] . However, it 310 is important to note that the CO life time in the troposphere 311 is about 2 months whereas aerosols have a much shorter life 312 time, on the order of days to a week. The MOPITT is not as 313 sensitive to boundary layer CO whereas the MODIS AOT is 314 sensitive to boundary layer aerosols. Since CO is directly 315 related to carbon emissions and less so for sulfate, MOPITT 316 data between BB and PO regions are compared to determine 317 if significant differences exist in CO observations between 318 these regions (and compared to all AN aerosols) and 319 provide an insight into their vertical distribution. We use 320 the daily mean version 3, level 3 data product that is 321 interpolated to a uniform 1 Â 1 degree grid. The estimated 322 uncertainty of CO profiles within the level 3 product is 323 within ±15% of observed values [Edwards et al., 2004] 
514
[24] The total MODIS AOT does not vary substantially 515 on a monthly basis, with only minor increases during the 516 spring months (Table 3) . GOCART derived AOTs similar to 517 those reported by MODIS, but with a slightly larger 518 monthly variation, consistent with results reported by Chin 519 et al. [2004] . Globally averaged MODIS FMF remains 520 relatively constant (0.53 ± 0.02) during the 12 month study 521 period, but FMF associated with specific aerosol types do 522 show some seasonal variability (Figure 2) . A clear separa-523 tion generally exists in monthly averaged FMF for SS, DU, 524 and AN aerosols (Figure 2) . The most significant exception 525 occurs during December and January when both SS and DU 526 have FMF averages near 0.4 (Table 1) . aerosol r e was also observed during this time (Figure 3a) . [26] Dust aerosols are generally confined to the region 550 west of the Saharan Desert in the North Atlantic Ocean, and 551 transported into the North Atlantic primarily on the basis of 552 wind speed and direction (Figure 1) . Dust FMF values range 553 between 0.34 and 0.52 with an overall mean of 0.44 ± 0.06, 554 somewhat below that given by Kaufman et al. [2005a Kaufman et al. [ , 555 2005b (Table 1 and Figure 2) .A decrease in DU FMF 556 was also observed during the summer months (JJA) com-557 pared to the spring and fall seasons corresponding to a small 558 increase in MODIS r e during these same months (Figures 2  559 and 3a) . However, the reason for this decrease remains 560 unclear. This may be a simple reflection of larger dust 561 particles being transported over the ocean to do stronger 562 easterly winds. Differences in modeled versus observed DU 563 and AN aerosols may also play a factor. Further research is 564 necessary to resolve the cause of the seasonality in DU and 565 AN aerosol size.
566
[27] Dust aerosols can also be identified using TOMS-AI, 567 owing to the UV absorbing nature of atmospheric mineral 568 DU compared to either SS or AN aerosols, which are 569 generally nonabsorbing (with the exception of BB). Be-570 tween April and September, when DU transport from the 571 Saharan Desert over the North Atlantic is maximized, 572 TOMS-AI for DU regions is consistently higher than either 573 AN or SS values despite the latter's likely overestimation 574 due to the lack of negative AI values in the level 3 data 575 (Figure 4) . Between May and July, when mineral dust is 576 maximized in the Atlantic, monthly TOMS-AI values of 577 dust are well separated from both AN and especially SS 578 values. Vertical profiles of dust AOT produced by 579 GOCART also indicate the presents of dust aerosols in the 580 mid and even upper troposphere, also contributing to the 581 high TOMS-AI values observed. During other months, 582 TOMS-AI values for all three primary aerosol species 583 generally remain low (<1.0). While DU is present during 584 this time, the concentration is much lower, and it is not 585 being transported as high into the atmosphere, making it 586 harder to resolve with AI [Kaufman et al., 2005a] . 
668
This is a result of the TOMS instrument's greater sensitivity 669 to absorbing aerosols (carbonates) that located higher in the 670 atmosphere. Evidence that BB aerosols are present at higher 671 levels is derived from GOCART output. In BB regions,
672
GOCART AOT is maximized at higher levels than 673 corresponding PO AOT, indicating that BB aerosols are 674 present at higher levels. However, the variability of TOMS- Kaufman et al. [2005a Kaufman et al. [ , 2005b . 
